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Senate Committee on Finance 
219 Dirksen Senate Office Building 
Washington, DC 20510 
 
April 15, 2015 
 
Dear Working Group on Individual Income Tax: 
 
Solar energy is the fastest growing domestic energy source, and market analysts expect new solar capacity 
to reach an all-time high again in 2015 with over 8 gigawatts (GW) added – nearly equivalent to half of 
current domestic solar capacity. According to the National Solar Jobs Census 2014, the solar industry 
accounted for one out of every 78 new jobs created in the U.S. last year. The expected boom in solar 
installations in 2015 will create 36,000 new jobs, boosting the solar workforce at a rate nearly eight times 
faster than the rates expected in the oil, gas, and coal industries over the same period. 
 
The federal investment tax credit (ITC)1 has been an important driver for the remarkable growth of solar. 
According to the National Solar Jobs Census 2014, almost three-fourths of solar businesses and 94 percent 
of solar installers stated that the 30 percent ITC has “significantly improved” their business. With the long 
term certainty provided by the 8-year extension of the 30-percent ITC beginning in 2008, the solar industry 
responded and became much more efficient, squeezing the average installation cost per watt of large-scale 
solar photovoltaic (PV) systems down to roughly $2 per watt today from over $7 per watt in 2009. As these 
installation costs have fallen precipitously, federal tax outlays have also decreased per watt of installed solar 
capacity. In other words, the ITC is working exactly as Congress intended when it enacted the long-term 
extension that passed with near unanimous support in the Senate (93-2). 
 
All of this good news masks the looming storm ahead fueled by potential changes to federal tax policy. 
There is already an economic shock embedded within current law, in which the 30-percent investment tax 
credit (ITC) for solar and other clean energy technologies expires at the end of 2016. Leading models from 
the Department of Energy predict that this abrupt change could lead to a 94.3 percent decrease in 
distributed solar installations between 2016 and 2017 and a roughly 80 percent decrease in utility scale PV 
installations. Our analysis, which accounts for further reductions in installation costs and lower cost of 
capital, finds less drastic but still significant impacts from 2016 to 2017: 42 percent fewer utility solar 
installations and 15 percent fewer distributed solar installations.  
 
Tax reform poses another potential threat to solar’s otherwise bright future. Congress could modify or 
eliminate the accelerated depreciation schedule entirely, just as three recent major tax reform proposals 
have done. According to our analysis, lengthening the depreciation schedule would increase the cost of 
installing solar power by 58 percent. Even an extension of the 30-percent ITC would not be able to 
compensate for the costs associated with losing accelerated depreciation. 
 
Solar power is on track to become broadly competitive across the nation free of both state and federal 
support within a decade or less. It is already competitive subsidy free in a few unique markets where solar 
resources and electricity rates are the highest. Nevertheless, these potential changes in federal tax policy 
come at a sensitive transition period for the solar industry. In leading solar states, solar energy markets are 
saturating and supportive incentives are declining, while lagging states are creating few new incentives. 
 
We urge Congress to consider providing a softer landing for solar that will protect previous taxpayer 
investments and accelerate the diffusion of solar energy and its many benefits to more states. As Congress 
looks to simplify and fix the nation’s broken tax code, we recommend continuing and expanding successful 
policies, detailed below. 
	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
1 Under Section 48 of the Internal Revenue Code for commercial systems and Section 25D of the Internal Revenue Code for 
homeowners 
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Maintaining Accelerated Depreciation: Although accelerated depreciation is one of the top five corporate 
tax expenditures, eliminating it will not broaden the tax base. Its costs will change as corporate profits 
increase or decrease, and its repeal will merely shift near term tax expenditures to longer term tax 
expenditures. Eliminating accelerated depreciation may also impede growth due to its implicit preference 
of existing capital over new capital. A recent study found that under a “dynamic scoring” analysis of tax 
reform, accelerating depreciation economy-wide could more than pay for itself in revenues from induced 
economic growth over the long term. 
 
Creating Parity Across Energy Technologies: Regardless of what Congress decides to do with master 
limited partnerships (MLPs) and real estate investment trusts (REITs), it should create parity across energy 
sectors. If continued, we recommend opening access to these financing structures to solar and other clean 
energy technologies. We also recommend explicit clarification that accelerated depreciation still applies. 
While these financing structures could become important to the solar industry over the long term, our 
analysis suggests that they will be less beneficial to solar in the near term. 
 
Investing Across the Innovation Cycle: With the ongoing success of the solar ITC in bringing an innovative 
technology to full market maturity and scale, this type of support should be extended to other new and 
nascent energy technologies. We recommend a permanent technology-neutral ITC that includes an 
automatic phase-out provision for technologies based on market maturity. It would apply to any electricity 
generation technology and provide certainty in the marketplace to innovate. This ITC – along with other 
complementary innovation policies, such as public investments in research, development, and 
demonstration (RD&D), loan guarantees/loan loss reserves, and Small Business Investment Research (SBIR) 
– would incentivize the innovation and diffusion of new electricity generation technologies and help to 
finance them and to bring them to scale. Although a higher incentive rate for less mature, more expensive 
technologies would help to drive innovation, Congress could choose to set an explicit cap on such an ITC 
to remain at 30 percent or below. This would ensure investment only in potential market winners because 
the majority of the costs would have to be financed with private capital. 
 
It is important to note that this technology-neutral ITC differs significantly from the one proposed by former 
Senate Finance Chairman Baucus, both in structure and in aim. While both aim to remove the political 
process from picking technology winners and losers, Baucus’s technology-neutral ITC, in conjunction with 
its production tax credit (PTC), focused on generating electricity with the least amount of carbon emissions 
and acted like an inverted carbon tax or carbon-free subsidy. To address the market failure of carbon 
externalities, we assert that a revenue neutral carbon tax system could offer a more productive use of 
taxpayer dollars. This technology-neutral ITC, in contrast, focuses on addressing market failures related to 
the innovation and diffusion of new technologies. It would accelerate the diffusion of new energy 
technologies and leverage previous public investments at earlier stages of the innovation cycle, allowing 
society to reap the rewards of its investments sooner and more completely. 
 
Thank you for your invitation to submit comments. We look forward to working with you to make the 
nation’s tax code simpler, fairer, and more efficient to foster further innovation throughout our economy. 
 
Sincerely, 
 

 
 
Amit Ronen 
Director, GW Solar Institute 
 
Enclosures: 
 
J. Mueller and A. Ronen (2014): “Tax Reform, a Looming Threat to a Booming Solar Industry.” 
J. Mueller and A. Ronen (2015): “Softer Solar Landings: Options to Avoid the Investment Tax Credit Cliff.” 
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Tax Reform, a Looming Threat 
to a Booming Solar Industry 
 
Jam es M uel ler  and Am it  Ronen,  GW Solar Institute 
 
The current regime of energy tax incentives is coming to an end, and no viable replacement has been 
proposed. Even in the unlikely event there are last-minute, stopgap extensions or changes to existing 
energy incentives, these measures would only postpone their inevitable expiration for a year or two.  
Comprehensive tax reform proposals, if enacted into law, would also profoundly impact energy sector 
economics and deployment rates.   
 
This policy brief finds that recent tax reform proposals could increase the cost of solar energy by up to 
58 percent compared to current policy. Even the Baucus tax reform proposal, which included a 20 
percent Investment Tax Credit (ITC) for solar, would increase costs by 34 percent over current policy 
due to its drastic changes to current depreciation schedules and the minimal impact from a lower 
corporate rate. This policy brief also finds that even under other potential tax systems, additional 
energy sector policies would still be necessary to maintain solar’s economic competitiveness relative to 
current law. 
 
Given this reality, the clean energy sector needs to be proactively developing pragmatic and politically 
attuned tax reform solutions that work within the context of tax reform principles. The GW Solar 
Institute is launching a research initiative that will develop a series of innovative, pragmatic policy 
solutions and perform in-depth analyses of these potential options. This policy brief is the first in a 
series to be released in Fall 2014. 

Impact of Recent Tax Reform Proposals on Solar Competitiveness 
 
As lawmakers look to simplify the tax code and find savings from its various provisions to pay for the 
cost of substantially reducing the corporate income tax rate, the prospects of simply extending the ITC 
beyond 2016, or maintaining the 10 percent rate (see box on next page for additional background), 
are uncertain. While there is a chance that Congress could choose to extend the looming 2016 
deadline by modifying the definition of a solar project’s eligibility from “placed into service” to 
“commence construction,” that would only add a year or two of eligibility for solar projects. It is 
important to note that the ITC has already effectively expired for larger scale solar projects whose 
planning and construction would take them beyond 2016 even if they were started today. In addition, 
the Section 25D residential credit, unlike the corporate credit, expires completely after 2016. 
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To make matters worse for solar, tax reform could modify 
or eliminate the accelerated depreciation schedule 
entirely. The three recent major tax reform proposals 
would do just that. On November 21, 2013, former Senate 
Finance Chairman Baucus proposed replacing the 
accelerated depreciation system with a simplified system. 
Under this proposal, solar would be depreciated using a 
100 percent declining balance method at a rate of 5 
percent per year. Property would never be depreciated 
fully, and only 40 percent of a solar asset would be 
depreciated in its first 10 years. On February 26, 2014, 
House Ways and Means Chairman Camp released his tax 
reform legislation that lowered the corporate rate to 25 
percent, eliminated the ITC, and lengthened depreciation 
periods using a straight-line method with an adjustment 
for inflation. Wyden-Coats1 followed a similar approach, 
with a slightly lower corporate tax rate and no inflation 
adjustment for depreciation. 
 
Figure 1 below illustrates the levelized cost and PPA price 
for a standard 20 MW solar photovoltaic (PV) plant under 
the current tax system before and after 2016, as well as 
under the Baucus and Camp proposals. We found that 
changes to MACRS and the ITC under leading tax reform 
proposals would increase solar PV prices by as much as 58 
percent. Even the Baucus proposal, which included a 20 
percent ITC for solar, raises costs substantially due to its 
drastic changes to the depreciation schedule.  
 
Figure 1. Recent Tax Reform Proposals Increase Cost of Solar PV 

 
* Parameters: 28% corporate rate (assumed), 100 percent declining balance method at 5 percent per year, 20% ITC 

** Parameters: 25% corporate rate, straight-line depreciation over 25 years (assumed), and no ITC 

Current Law 
 
Federal tax policies have been a primary driver for 
solar’s remarkable recent growth.  Over the past two 
years, both residential and non-residential solar 
installations have doubled, and utility PV installations 
have more than quadrupled. The two key tax policies 
for solar are the 5-year Modified Accelerated Cost 
Recovery System (MACRS) and the 30 percent 
Investment Tax Credit (ITC) under Section 48 of the 
Internal Revenue Code for commercial systems and 
Section 25D of the Internal Revenue Code for 
residential systems.   
 
The Energy Policy Act of 2005 (P.L. 109-58) established 
a 30 percent ITC for both commercial and residential 
solar systems for one year. It was subsequently 
extended for an additional year before Congress 
passed an eight-year extension (Cantwell-Ensign, The 
Clean Energy Tax Stimulus Act of 2008, S. 2821 [110th]) 
as part of the Emergency Economic Stabilization Act of 
2008 (P.L. 110-347). If Congress fails to extend the ITC 
before the end of 2016, the credit for residential 
systems will expire, and the credit for commercial 
systems will revert to the permanent 10 percent level 
established as part of the Energy Policy Act of 1992 
(P.L. 102-486). 
 
The Tax Reform Act of 1986 (P.L. 99-514) created the 
Modified Accelerated Cost Recovery System (MACRS), 
which determines the depreciation schedule for many 
property investments including solar generation assets. 
Under MACRS solar generation assets are classified as 
a five-year property.   
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Our analysis follows the approach recently taken by Mark Bolinger of Lawrence Berkeley National 
Laboratory2 and represents his lowest-cost scenario: “tax appetite from the project sponsor.” We use 
the same input assumptions (e.g. $2.5 per WAC and 5.5% interest on project-level debt), except that 
here the capacity factor is 20 percent3 instead of 30 percent. While the lower assumed capacity is more 
representative of utility-scale projects within states with moderate solar irradiance intensity, it leads to 
slightly higher predicted prices than Bolinger found. Furthermore, Bolinger found that actual costs 
could be over 3 cents per kilowatt higher for scenarios in which project sponsors monetize the credit 
through tax equity investors. 

Additional Measures Needed to Maintain Solar Competitiveness under Tax Reform 
 
As illustrated above, changes to the tax code in areas outside energy specific credits can profoundly 
alter the economics of solar projects. Moreover, with only modest growth in electricity load expected,4 
encouraging new capital investment through the tax code will be critical to accelerating the turnover of 
existing electricity generation capital. 
 
To better understand how tax reform could impact solar, we modeled four potential tax systems with 
the following politically feasible assumptions:  
 

1. “Current” Tax System or No Tax Reform: 35% corporate rate, MACRS, and 10% ITC after 2016;  
2. “Conventional” Tax Reform: 25% corporate rate and slower, economic depreciation; 
3. “Middle Ground” Tax Reform: 30% corporate rate and a partially modified depreciation system; 
4. “Sweeping” Tax Reform: 25% corporate rate, full expensing economy-wide, and an upstream 

carbon tax starting at $20 per ton of CO2. 
 
Figure 2. Cost of Solar PV under Alternative Tax Systems 

 
* Straight-line depreciation over 12 years is assumed 

** Although the price is higher than the current tax system after 2016, solar PV could actually be more competitive 
under sweeping reform due to a carbon tax’s impact on electricity rates and investment decisions. 

 
Figure 2 above shows the relative costs of electricity generated from solar PV under these four tax 
systems. While “conventional” reform is the most expensive, “middle ground” reform only reduces 
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costs slightly. Only under “sweeping” reform would solar PV compete as well as under the current tax 
system after 2016. None of the tax systems alone can match the current tax system with the 30 percent 
ITC. Therefore, the inclusion of additional measures would be required as part of any tax reform 
proposal, if Congress employs a “do-no-harm” approach to the solar industry competitiveness. 
 

Macroeconomic Impacts of Alternative Depreciation Schedules and Corporate Rates 
 
Although accelerated depreciation is one of the top five corporate tax expenditures, eliminating it will 
not actually broaden the tax base because it will change as corporate profits increase or decrease.  
Eliminating accelerated depreciation may also impede growth because it effectively reduces the 
marginal cost of capital. A recent analysis found that combining a 5-percent reduction in the corporate 
rate with a partial repeal of accelerated depreciation “results in a macroeconomic outlook that is worse 
by several measures than the current law baseline, with potentially lower consumption, employment, 
real GDP, and capital stock – particularly in the 2017-2021 period.”5   
 
Similarly, another recent study found that under a “dynamic scoring” analysis of tax reform, accelerated 
depreciation economy-wide could more than pay for itself in revenues from induced economic growth 
over the long term.6  Although there has been no agreement for how to analyze tax reform, the Joint 
Committee on Taxation’s macroeconomic analysis of the Camp tax reform proposal7 included both 
static and dynamic estimates. 
 
Congress could decide to take the middle ground, reducing the corporate rate by less and only 
partially extending depreciation schedules. This would mitigate the implicit preference of existing 
capital over new capital in all three of the recently released Congressional tax reform plans.  
 
Congress could also decide that a carbon tax is an efficient replacement for energy tax expenditures 
that could pay for some of the reductions to the corporate rate as well as full expensing economy-
wide. Such an approach would remove the added barrier to investment that extending depreciation 
imposes,8 in addition to leveling the playing field by internalizing carbon pollution into the 
marketplace. 

Principles for Pragmatic and Politically Attuned Tax Reform Solutions 
 
There is broad agreement that well-designed and politically feasible clean energy tax incentives need 
to be predictable over the long term, scalable to drive investment without setting up a boom and bust 
cycle, and accessible to diverse user types such as distributed generators, public power, and new 
market entrants.   
 
Although the future of energy tax provisions is uncertain,9 key Congressional decision makers on both 
sides of the aisle have also made clear in public and private statements that they want future energy 
tax incentives to meet the following principles:  
 
• Technological Neutrality — Congress should not be picking technology winners and losers by 

designating which specific technologies are eligible for certain tax credits. Incentives should 
enable new, innovative technologies to compete fairly in the marketplace. 
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• Simplicity and Transparency — Any new incentive should be as simple and transparent as 

possible to maximize market certainty and reduce administrative burdens or gaming. 
 
• Enforceability — Any new incentive should prevent ‘double dipping’ with other incentives and 

be carefully written to avoid loopholes or unintended uses of the credits. 
 
• Public Interest — Any new incentive must use taxpayer dollars wisely and serve a clear public 

interest such as bridging the commercialization “valley of death,” leveling the playing field 
internationally, or addressing other market barriers.   

 
• Cost-Effectiveness — Taxpayer funds should not support fully mature technologies or projects 

that would otherwise occur without the credit. Incentives should automatically sunset when 
technologies meet certain penetration rates.   

 
• Pro-Growth — As part of comprehensive tax reform, any new incentive must also provide a net 

win for the economy. This principle assumes even greater significance if future tax reform 
proposals are subject to new dynamic scoring rules.   

Future Research and Analysis 
 
There is broad agreement that well-designed and politically feasible clean energy tax incentives need 
to be predictable over the long term, scalable to drive investment without setting up a boom and bust 
cycle, and accessible to diverse user types such as distributed generators, public power, and new 
market entrants. Accounting for these principles, future GW Solar Institute policy briefs in this series 
will systematically develop and analyze potential tax policy solutions in the following areas: 
 

• Financing for Emerging Energy Technologies — Analyze the relative effectiveness and role of 
new, technology-neutral demand-pull policies in unlocking clean energy innovation and 
economic growth. Alternatives will include an Investment Tax Credit (ITC) based on market 
maturity, a production tax credit (PTC) based on regional energy diversity, and state energy 
credit block grants. 
 

• Leveling the Cost of Capital — Bringing parity to energy financing by lowering clean energy 
capital costs. Alternatives will include loan funds to lower the cost of debt and Master Limited 
Partnerships (MLPs) and Real Estate Investment Trusts (REITs) to lower the cost of equity. 
 

• Investing in Critical Sectors — Finding ways to increase the level and predictability of private-
sector investments in critical national priorities. Alternatives will include research, 
development, and demonstration (RD&D) incentives and full expensing for priority sectors like 
energy and infrastructure that face chronic underinvestment. 

 
Although some have explored clean energy MLPs and REITs as replacements for tax incentives,10 our 
preliminary analysis suggests these structures would not be effective substitutes for federal tax or other 
incentives (i.e. accelerated depreciation and ITC) and would have to be modified legislatively to work 
together with other incentives.11 This view on the limits of clean energy MLPs and REITs is not unique.12  
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These structures would likely only assist the most mature technologies because stable, growing cash 
flows are essential for their success. MLPs and REITs could also be perceived as narrowing the tax 
base. Consequently, both of these structures could be eliminated, instead of expanded, as part of 
comprehensive tax reform. Senate Finance Chairman Wyden recently clarified his view that MLPs and 
REITs should either be eliminated for everyone or expanded to include renewable energy.13    
 
Quantifying the interplay of potential policy solutions within the context of broader tax reform and 
energy market dynamics is critical to this research initiative. We plan to investigate how these policies 
(and various combinations thereof) would impact the electricity price and profitability for a wide range 
of electricity generation technologies, including solar, wind, biomass, geothermal, natural gas, nuclear, 
and carbon capture and sequestration. We will also consider multiple clean energy price cases within 
the four different tax reform scenarios, described earlier as “current,” “conventional,” “middle-ground,” 
and “sweeping.”   
 
Another focus of the research initiative will be assessing the macroeconomic impacts of the policies 
and the rate at which existing generation assets are replaced. A macroeconomic analysis will help to 
evaluate important metrics:  
 

• The relative effectiveness of the proposed policies for overturning existing capital and 
deploying new electricity generation capital;  

• The value of policy certainty and predictable incentives; and  
• The impact on federal tax receipts. 
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ENDNOTES 
                                                             
1 S. 727 [112th] 
2 Mark Bolinger (May, 2014): “An Analysis of the Costs, Benefits, and Implications of Different Approaches to Capturing the Value 
of Renewable Energy Tax Incentives,” Lawrence Berkley National Laboratory. 
3 A 20 percent capacity factor corresponds to NREL’s System Advisor Model output for a 2-axis tracking system in Texas. 
4 Energy Information Administration (2014): “Annual Energy Outlook 2014.” 
5 Nicholas Bull, Tim Dowd, and Pamela Moomau (2011): “Corporate Tax Reform: A Macroeconomic Perspective,” National Tax 
Journal, 64(4), 923-942. 
6 Michael Schuyler (2014): “Comparing the Growth and Revenue Effects of Four Proposed Depreciation Systems: Baucus, Camp, 
Wyden and Full Expensing,” Tax Foundation, Fiscal Fact No. 433. 
7 Joint Committee on Taxation (2014): Macroeconomic Analysis of the “Tax Reform Act of 2014,” JCX-22-13. 
8 Derek Dorn, Lee Peterson, and Michael Dorenfeld (2014): “MACRS Depreciation and Renewable Energy Finance,” US 
Partnership for Renewable Energy Finance, whitepaper. 
9 It is important to note that none of these proposals have passed either House of Congress or even the committees of 
jurisdiction.  When Congress takes up tax reform in earnest, the resulting tax system could be quite different.   
10 Felix Mormann (2014): “Beyond Tax Credits: Smarter Tax Policy for a Cleaner, More Democratic Energy Future,” Yale Journal 
on Regulation, to appear in Vol. 31. 
11 See supra note 10; Molly E. Sherlock and Mark P. Keightley (2011): “Master Limited Partnerships: A Policy option for the 
Renewable Energy Industry,” Congressional Research Service, R41893.   
12 Steve Corneli, Daniel Mintzer, Steven Taub, John Stanton, John Mulligan, and Derek Dorn (2014): “Clean Energy and Tax 
Reform: How Tax Policy can Help Renewable Energy Contribute to Economic Growth, Energy Security and a Balanced Budget,” 
US Partnership for Renewable Energy Finance, whitepaper. 
13 Senator Wyden's Keynote Speech at the 7th Annual Future of Energy Summit, Bloomberg New Energy Finance, April 7, 2014.  
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Softer Solar Landings: Options to 
Avoid the Investment Tax Credit Cliff 
 
Jam es M uel ler  and Am it  Ronen,  George Washington University Solar Institute 
 
Federal tax policies have been an important driver for solar’s recent remarkable growth, but without 
action during the 114th Congress, the 30-percent investment tax credit (ITC) for solar and other clean 
energy technologies will expire at the end of 2016. If Congress were to allow this policy shock to 
occur, the economics of solar investments would worsen, reducing solar deployments in 2017 and 
beyond. Solar jobs would be lost, and solar cost reductions would be delayed. While these negative 
impacts of current law are undeniable, their magnitude remains an open question. This policy brief 
estimates the impacts that current law would have on the solar industry. It also formulates several 
policy alternatives and estimates their effectiveness at mitigating the negative impacts of the 
investment tax credit cliff embedded within current law. 
 
The authors find that current law would increase the cost of solar energy by at least 10 percent in 2017 
compared to 2016. This estimated increase includes expected reductions in solar installation costs and 
a lower cost of capital as projects shift from tax equity toward increased debt. While such an increase 
may not seem large relative to the recent reductions in solar installation costs, the price spike 
coincides with saturating renewable energy markets in the leading solar states and minimal new 
incentives in lagging states. Ultimately, the failure to extend the ITC could result in 42 percent fewer 
utility-scale solar installations and 15 percent fewer distributed solar installations in 2017. 
 
Considering several options that Congress could pursue to mitigate these impacts, the analysis finds 
that extending and phasing out the ITC for clean energy technologies as they reach full market 
maturity and scale would provide the softest landing. The authors specifically recommend extending 
the current ITC level for two years, phasing out the ITC gradually after 2018, and creating parity across 
energy sectors in accessing various financing structures. Given the uncertainty of when solar or another 
specific technology will reach full market maturity and scale, Congress would have to either revisit the 
timing of the phase-out periodically, generating policy uncertainty for industry, or enact a policy that 
includes an automatic phase-out for technologies based on their market maturity and scale. The 
authors recommend the latter approach, which complements and leverages other innovation policies, 
to provide certainty in the market and to spur activities seeking future technological breakthroughs. 

Current State of the Solar Industry 
 
Solar energy is growing at a faster rate than any other domestic energy source. Since 2012, both 
residential and non-residential solar installations have doubled, and utility scale solar installations have 
more than quadrupled.1 Market analysts expect another consecutive, record-setting year in 2015 with 
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new solar installations totaling more than eight gigawatts – a 31 percent increase over 2014.2  The solar 
industry employed roughly 174,000 workers in 2014 and is expected to create 36,000 new jobs in 
2015, representing an employment growth rate nearly 20 times the economy wide average.3 From 
these growth rates and associated economic output, federal and state policies supporting innovative 
new energy sources like solar are clearly paying dividends. In addition to employment and 
environmental benefits from solar energy, U.S. Partnership for Renewable Energy Finance (US PREF) 
found that the 30-percent ITC more than pays for itself in federal tax receipts, generating a 10 percent 
internal rate of return (IRR) to the federal government for its investment.4  
 
With the support of the eight-year ITC extension at 30 percent,* the solar industry attained greater 
economies of scale, and through increasing efficiencies the cost of installing solar PV reduced from 
roughly $8 per watt in 2009 to $2 per watt today. According to a survey of solar businesses, 72.7 
percent of solar businesses and 94 percent of solar installers stated that the 30-percent ITC has 
“significantly improved” their business.5 The level of federal support per watt of solar power has also 
declined dramatically since 2009 due to the precipitous fall in installation costs. This is because the ITC 
value is a fixed share of the total installation cost. 
 
State policies have also been important drivers of solar’s remarkable growth. The five leading solar 
states account for 78 percent of all installed solar capacity, and the top ten solar states account for 90 
percent.6 Although not all of these leading states have the greatest solar resources, they all have 
robust policies in place, many of which are set to expire or decline in value without further action.7 
 
In 2017 solar is unlikely to be competitive free of both federal and state subsidies, except for a few 
unique markets where solar insolation and electricity rates are the highest.8  It will remain competitive 
in select other states that create or maintain sufficient levels of support to overcome the effects of the 
ITC cliff. While solar is positioned to be broadly competitive within a decade or sooner, the solar 
industry faces a critical transition period over the next several years when both state and federal 
policies are ramping down at the same time without further legislative action by states or Congress. 

Impact of Current Law on Solar Competitiveness 
 
As lawmakers continue to debate how to reform the nation’s tax code, the prospects of simply 
extending the 30-percent investment tax credit (ITC) beyond 2016, or maintaining the permanent 10-
percent rate under Section 48 of the Internal Revenue Code are uncertain. Despite the recent 
precedent established in the extension of the Section 45 production tax credit (PTC),9 a simple 
modification to the ITC project qualifying criteria to include those that commence construction by 
December 31, 2016 also faces headwinds. Changing the qualifying criteria from “placed-in-service” to 
“commence construction” is important, especially if the ITC is extended, because the ITC has already 
effectively expired for new larger scale solar projects whose planning and construction would take 
them beyond 2016 even if they were started today. In addition, homeowners would receive no credit, 

                                                             
* The Energy Policy Act of 2005 (P.L. 109-58) established a 30 percent ITC for both commercial and residential solar systems for 
one year. It was subsequently extended for an additional year before Congress passed an eight-year extension (Cantwell-Ensign, 
The Clean Energy Tax Stimulus Act of 2008, S. 2821 [110th]) as part of the Emergency Economic Stabilization Act of 2008 (P.L. 
110-347). If Congress fails to extend the ITC before the end of 2016, the credit for residential systems will expire, and the credit 
for commercial systems will revert to the permanent 10 percent level established as part of the Energy Policy Act of 1992 (P.L. 
102-486). 
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as the Section 25D residential credit, which is separate from the corporate credit, expires completely 
after 2016. 
 
The policy shock embedded within current law would certainly have negative impacts on solar 
economics, deployment, and employment, but the scope of these impacts is not as clear. Some 
industry experts predict devastating impacts, while others expect a significant but manageable 
slowdown. For example, Solar Energy Industries of America (SEIA) President Rhone Resch recently 
stated: “The reality is that we will lose 100,000 jobs if we lose the ITC — and these are conservative 
numbers. Ninety percent of solar companies will go out of business.”10 While this may sound like 
industry hyperbole, the U.S. Department of Energy (DOE) models support this claim. The Energy 
Information Administration (EIA) updates and runs its National Energy Modeling System (NEMS) to 
provide a comprehensive energy outlook every year.  
 
Figure 1. EIA Projections of Distributed Generation Investment Tax Credit Cliff 

The Annual Energy Outlook 2014 (AEO2014)11 projects a 94.3 percent decrease in distributed 
generation (DG)* photovoltaic (PV) installations from 2016 to 2017 under current law. The shock is so 
devastating that even in 2025, installations remain well below 2016 installations levels. This DG cliff is 
shown in Figure 1, and results in a loss of 16.2 to 19.5 GW from 2017 through 2025 – exceeding the 
total amount of all DG installations today. 
 
Figure 2 Projections of Utility-Scale Solar PV Investment Tax Credit Cliff 

                                                             
* Distributed generation includes all solar installations “behind the meter” from residential, commercial, and industrial sectors. 
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AEO2014 also predicts a cliff for utility-scale photovoltaic (PV) installations in its low-cost renewables 
side case, which more accurately reflects industry prices compared to its reference case.  In that case, 
utility scale PV installations decrease by 100 percent from 2016 to 2017.  The National Renewable 
Energy Laboratory (NREL), using its Regional Energy Deployment System (ReEDS) to model the U.S. 
electricity system, finds similar results. The 2014 update to the Renewable Electricity Futures Study12 
projects a 77.3-84.2 percent decrease in utility-scale PV installations from 2016 to 2017 under current 
law. Figure 2 shows this utility-scale PV cliff predicted by both of these leading models. 
 
Another noteworthy result from these simulations is the slow recovery from and lasting impact of the 
ITC cliff. In NEMS, solar installation costs are endogenous to the model, such that future reductions in 
solar installation costs depend on further deployment. The ITC cliff not only decreases deployment 
sharply but it also delays cost reductions associated with increased deployment that could mitigate the 
impact of the ITC expiration. 
 
While the costs of solar energy have decreased substantially with increased scale and market maturity, 
future cost reductions are uncertain and depend in large part on future deployment. As demonstrated 
below, even cost reductions that assume continued “learning-by-doing” efficiencies would unlikely be 
able to overcome the loss in ITC value before 2020. 
 
To consider the impact of future installation costs, we consider the range of installation costs 
represented in the four sensitivity scenarios from DOE’s SunShot Vision Study.13 The “SunShot Goal” 
scenario envisions a 75-percent reduction in the cost of solar electricity between 2010 and 2020. The 
“High Cost” baseline scenario follows the installation costs provided in Black and Veatch (2012).14  The 
remaining two scenarios project 50 percent and 62.5 percent reductions in solar prices, respectively, 
between 2010 and 2020. Following similar assumptions from the recent Wind Vision Report,15 our 
“Best Guess” achieves the 62.5 percent reduction by 2020, and then linearly reduces to the SunShot 
Goals by 2040.* 
 
We calculate the levelized cost of solar power following the approach in Reichelstein and Yorston 
(2013).16 For 2016 and 2017, we assume the values in Table 1 for the levelized cost calculations under 
current law. The decrease of the ITC from 30 percent in 2016 to 10 percent in 2017 under current law 
is expected (but not guaranteed) to lower the weighted average cost of capital (WACC) due to a shift 
toward a greater percentage of project level debt.† 
 
Table 1 Financial and Solar System Assumptions 
 Utility PV CSP Non-Residential PV Residential PV 
Debt Fraction 30% in 2016 / 50% in 2017 30% in 2016 / 50% in 2017 30% in 2016 / 50% in 2017 40% in 2016 / 58% in 2017 
WACC‡ 9.5% in 2016 / 7.8% in 2017 9.5% in 2016 / 7.8% in 2017 9.5% in 2016 / 7.8% in 2017 8.6% in 2016 / 7.1% in 2017 
Capacity Factor (in DC for PV) 25% 43% 25% 21% 
Duration  25 years 25 years 25 years 25 years 
Degradation Rate 0.5% per year NA 0.5% per year 0.5% per year 
DC/AC Derate Factor 0.8 NA 0.8 0.8 

                                                             
* Please see the Appendix for tables of the assumed installation costs. 
† We assume that the project debt level equals 60 percent minus the ITC level for utility scale and non-residential solar. For 
residential solar we assume 80% project debt for owned systems, which are assumed to make up 20% of the residential market. 
‡ The weighted average cost of capital (WACC) is calculated using the debt fraction, a 40% combined state and federal tax rate, 
a cost of debt at 6%, and a cost of equity at 12%. 
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Even with expected reductions in installation costs and a lower cost of capital due to shifting from tax 
equity to a greater percentage of debt, we find that the expiration of the 30-percent ITC increases the 
levelized cost of solar power by at least 10 percent between 2016 and 2017.  Figure 3 shows the 
modeled levelized cost, as well as the range under the installation cost scenarios. While such an 
increase may seem insignificant relative to the recent reductions in solar installation costs, the price 
spike coincides with saturating renewable energy markets in the leading solar states and minimal new 
incentives in lagging states. In aggregate, state incentives seem to plateau, at best, during this period, 
which may explain partly why the energy models show such a dramatic impact on solar installations. 
Accordingly, our analysis assumes no state level incentives. 
 
Figure 3: Levelized Costs of Solar Power in 2016 and 2017 under Current Law 

 
 
It is important to note that the SunShot 2020 targets, which envision levelized costs of utility-scale solar 
electricity closer to 6 cents per kilowatt-hour, represent when solar can compete in the marketplace 
completely free of subsidies, both federal and state. In other words, solar costs, even when staying on 
track to meet the SunShot targets by 2020, are not expected to be competitive subsidy-free in 2016 or 
2017 except for a few unique markets. They are also far from guaranteed to keep up with the SunShot 
targets through 2020 despite dramatic recent cost reductions. Also, the cost of capital may not be 
lower, as expected when the ITC decreases, because lenders may be less willing to allocate capital to 
solar due to the increase in overall levelized cost. 

Options for Softer Landings Compared to Current Law 
This policy brief considers four alternatives to current law that encompass the range of politically 
feasible approaches: 
 

• Option 1: Current Law/No Action 
• Option 2: Two-year Extension of 30-Percent Level with Commence Construction 
• Option 3: Clean Energy Master Limited Partnerships (MLPs) and Real Estate Investment Trusts 

(REITs) Replace ITC 
• Option 4: Gradual Ramp Down of ITC (5 Percent Level Reduction Each Year) with Commence 

Construction 
• Option 5: Technology Neutral ITC 
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The first alternative to current law (Option 2) is a straightforward two-year “date-change” extension that 
also modifies qualifying projects to be those that commence construction rather than those that are 
placed in service. This change would be especially critical for utility-scale projects, which take two 
years or more to plan and construct.17 While stopgap extensions are common for temporary tax 
provisions, they would not provide much certainty in the marketplace, and they would set up another 
cliff two years later because solar would unlikely have attained full cost parity yet. Congressional 
opposition to this approach has grown recently because these extensions are usually not paid for and 
contribute to the national deficit, and they historically have allowed little reform or oversight that could 
improve the cost-effectiveness of a particular provision. A two-year extension would greatly help the 
solar industry during a critical period of transition, but it would not have the same market impact of the 
eight-year ITC extension in 2008 that created longer-term policy certainty.  
 
The next alternative to current law (Option 3) is ending the ITC altogether and allowing clean energy 
projects to use financing structures currently unavailable to them, such as master limited partnerships 
(MLPs) and Real Estate Investment Trusts (REITs). For this scenario, we assume the cost of capital is 6 
percent. We also assume that the 5-year modified accelerated cost recovery system (MACRS) still 
applies. Under current law, it is not clear whether solar financed through REITs or MLPs could take 
advantage of MACRS.18 The costs of losing accelerated depreciation would far outweigh the benefits 
from cheaper capital and would be much worse for solar than current law. Similarly, if Congress 
eliminated MACRS as part of tax reform, previous GW Solar Institute analysis found that even a 20-
percent ITC could not make up the difference, resulting in cost increases of 34 percent or more over 
current law.19 This option also would not help homeowners, who wanted to own their solar systems. 
 
Figure 4: Effective Investment Tax Credit Rate Under Technology-Neutral ITC 

 
 
The third alternative to current law (Option 4) is a prescribed “ramp down” of the ITC from the current 
30-percent level. A gradual reduction of the ITC over time would avoid the current cliff and provide 
longer term certainty in the market. The structure and timing of any ramp down are of course subject 
to debate. Option 4 decreases the ITC level by 5 percent each year until it reaches zero in 2022. Note 
that the permanent 10-percent ITC for commercial projects under current law is eliminated under this 
scenario, meaning that the U.S. Treasury would recapture expenditures in the out-years that would 
have otherwise been spent under current law. Again, commence construction is assumed to be part of 
this option since utility-scale projects take multiple years to plan and construct. 
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The fourth alternative to current law (Option 5) is a technology-neutral ITC that includes an automatic 
phase-out provision based on market maturity.* This option would provide certainty in the 
marketplace, apply to any electricity generation technology as illustrated in Figure 4, and remove from 
Congress the burden of determining when a technology can compete completely unsubsidized. For 
solar technologies it phases out automatically as the solar technology reaches full market maturity and 
scale as defined by the SunShot goals. Except for solar PV, the installation costs follow EIA’s 
estimates.20 For solar PV, the effective ITC rate would be roughly 30 percent or lower, depending on 
how fast installation costs decrease. There would always be an incentive to reduce costs and limit 
investments to potential market winners because the majority of costs would have to be financed with 
private capital. Although a higher incentive rate for less mature, more expensive technologies would 
help to drive innovation, Congress could choose to set an explicit cap on this ITC to remain at 30 
percent or below. Congress could also choose to disqualify projects that fall below a 5-percent ITC. 
 
It is important to note that this technology-neutral ITC differs significantly from the one proposed by 
former Senate Finance Chairman Baucus,21 both in structure and in aim. While both aim to remove the 
politics of picking technology winners and losers, Baucus’s technology-neutral ITC, in conjunction with 
its production tax credit (PTC), focused on generating electricity with the least amount of carbon 
emissions and acted like an inverted carbon tax or carbon-free subsidy. To address the market failure 
of carbon externalities, we assert that a revenue neutral carbon tax system could offer a more 
productive use of taxpayer dollars. 
 
This technology-neutral ITC, in contrast, focuses on addressing market failures related to the 
innovation and diffusion of new technologies. Technology innovation and diffusion issues include 
financing premiums due to incomplete information and higher perceived risk and adoption 
externalities, where the market is unable to capture a technology’s full value in cases when technology 
adopters would be better off the more other people also used the same technology, often called 
dynamic increasing returns.† Without policy interventions, realizing these returns would remain 
relegated to a chicken-or-egg quandary: more people would adopt the technology if it cost less, and it 
would cost less if more people adopted it. This technology-neutral ITC – along with other 
complementary innovation policies, such as public investments in research, development, and 
demonstration (RD&D), loan guarantees/loan loss reserves, and Small Business Investment Research 
(SBIR) – would incentivize the innovation and diffusion of new electricity technologies and help to 
finance further innovations and bring them to scale. Because the private sector discounts the future 

                                                             
*For utility-scale projects, the ITC would be 45-percent of the installation costs in excess of $1.25 per Watt (alternating current) or 
roughly $1.00 per Watt (direct current). For distributed projects, it would be 45-percent of the installation costs in excess of 
$1.25 per Watt (direct current) for non-residential systems and 45-percent of the installation costs in excess of $1.50 per Watt 
(direct current) for residential systems. These thresholds ensure that the ITC phases out automatically as the solar technology 
reaches full market maturity and scale as defined by the SunShot goals. The $1.25 and $1.50 per Watt thresholds should be 
indexed to the appropriate measure of inflation, such as electricity rates. For more details on this concept, please see “Fitting 
Clean Energy into a Reformed Tax Code” available at http://solar.gwu.edu/content/2014-solar-symposium-research-posters. 
 
† Despite visible exceptions like flat-screen televisions and iPhones, most new technologies typically diffuse gradually. Potential 
adopters have to learn about the new technology, and an important pathway is through seeing others adopt the technology. 
The increasing return on the demand side is often referred to as “learning-by-using.” Similarly, suppliers become more efficient 
in producing new technologies the more they produce and gain experience. This is often referred to as “learning-by-doing” and 
explains the rapidly falling costs of solar energy over the past several years as installations increased. Providing support across 
the learning curve, policies aimed at later phases also promote activities seeking breakthroughs at earlier phases of the learning 
curve, often referred to as “learning-by-searching”, in which research, development, and demonstration (RD&D) of new 
technologies occur. 
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greatly, public policies across the innovation cycle are necessary to unlock investment and innovation. 
This technology-neutral ITC would accelerate the diffusion of new disruptive energy technologies and 
leverage previous public investments at earlier stages of the innovation cycle, allowing society to reap 
the rewards of its investments sooner and more completely. 
 
Figure 5 compares the alternatives for the ITC, except for Option 3, which replaces the ITC with new 
financing structures. Because the ITC level depends on the installation cost for the technology neutral 
ITC, the green bars show the range of ITC levels for the range of installation costs considered here. 
Despite the uncertainty for solar installation costs, the technology-neutral ITC could essentially phase 
out as soon as 2020, if the SunShot goals are met on time. 
 
Figure 5. Investment Tax Credit Levels for Various Policy Options 
a) Utility-Scale PV 

 
b) Non-Residential PV 

 
c) Residential PV (Section 48D) 

 
 
Applying the ITC rates illustrated in Figure 5 (and associated WACC), we calculate the levelized costs 
of solar PV for each policy option. As shown in Figure 6, the two-year extension (Option 2) reduces the 
levelized costs in 2017 by roughly 15 percent compared to current law. The ITC ramp down (Option 4) 
and technology-neutral ITC (Option 5) reduce the levelized costs by roughly 10 percent below current 
law. The lower cost of capital from MLPs and REITs (Option 3) is within a few percent of current law but 
is able to compensate for the loss of the 10-percent permanent ITC level. 
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Figure 6. Modeled Levelized Costs of Solar Power in 2017 under Five Policy Options 

 
 
Nevertheless, there are many cautionary considerations about pursuing Option 3. In addition to the 
assumption of accelerated depreciation for Option 3, the outcomes are sensitive to the exact cost of 
capital under these structures, which could be higher (or lower) and impact the levelized costs 
accordingly. Also, many other changes to the tax code would be necessary. Even if policymakers 
anticipated all of the challenges and applied the appropriate legislative solutions, the industry is 
unlikely to be ready to use these structures in 2017. While financiers may be willing and ready, project 
developers and installers would unlikely have established new business models and put them in place. 
Clean energy MLPs and REITs are likely to prove to be poor substitutes in the near term compared to 
the other proposed modifications of the ITC. 
 
Figure 7 shows the estimated levelized costs in 2022. For both current law and the two-year extension 
options, the ITC level is 10 percent in 2022, and costs are equivalent. Lower financing costs associated 
with the MLPs/REITs option match the effects of a 10-percent ITC. The ramp down option, in which the 
ITC level declines to zero by 2022, is the only option that increases the levelized costs compared to 
current law. But the levelized cost is still below that for all policy options in 2017. 
 
Figure 7. Modeled Levelized Costs of Solar Power in 2022 under Five Policy Options 
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Figure 8. PV Deployment in 2017 under Five Policy Options 

 
 
We estimate the relationship between levelized costs and deployment rates using the results from the 
SunShot Vision Study scenarios.22 With the financing and technical assumptions from the study, we 
calculate the corresponding levelized costs for the scenarios.* This relationship between solar 
deployment and levelized cost that is embedded within NREL’s ReEDS and SolarDS models is then 
applied to the calculated levelized costs for the policy options. 
 
Figure 8 shows the estimated deployment of solar in 2017 under the five policy options considered 
here. From the modeled relationships, utility-scale solar PV appears to be more sensitive to the ITC 
level than distributed generation. Current law (Option 1) produces 43 percent less utility-scale solar PV 
than maintaining the ITC at the 30-percent level (Option 2). On the low end, utility-scale solar PV is all 
but eliminated under current law. Under the ITC ramp down and technology neutral ITC (Options 4 
and 5), utility-scale PV deployments still decrease significantly, but by roughly half as much as the 
reductions under current law. DG solar deployment would decrease by about 15 percent under 
current law relative to a 30-percent ITC level.  
 
While the deployment of utility-scale PV is sensitive to the ITC level in 2017, over time this sensitivity 
weakens. In 2017, even a 5-percent decrease in the ITC level results in close to a 20-percent decrease 
in deployment. In 2022, however, deployment stays roughly the same even if the ITC level were 
reduced by 10 percent. Figure 9 illustrates this shift in sensitivity to the ITC level. These results suggest 
that the timing of support under current law should be shifted to provide more support in the near 
term and less support in the long term. 
                                                             
* The deployment levels are provided in 5-year increments, so the values for 2017 and 2022 are linearly interpolated from the 
2015, 2020, and 2025 values. 
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Figure 9. Sensitivity of Utility-Scale PV Deployment to ITC Levels in 2017 and 2022  

 

Conclusions and Recommendations 
Given the extreme sensitivity to the ITC level in 2017, practical lag times for businesses to adapt to new 
policies, and uncertain cost reductions, extending the 30-percent level for a couple of years would be 
the most prudent path in the short-term to protect taxpayer dollars already invested in 
commercializing solar and bringing it to full scale. The cost of this increased support in the near term 
could be recovered over the long term by ending the permanent 10-percent ITC level in later years. 
 
Over the medium term, the solar PV industry could become more independent and the ITC level could 
decrease gradually without extremely adverse impacts. Congress could prescribe this phase-out 
explicitly or create a new technology neutral investment tax credit that would expire automatically. The 
latter approach is recommended because the exact price path is uncertain and it supports new 
innovative energy technologies in the future. 
 
Although the lower cost of capital from the replacement of the ITC with MLPs and REITs (Option 3) is 
not an effective substitute for the ITC in 2017, it will become a relatively more effective substitute over 
time. Over the long term as the ITC is phased out completely, policies to unlock new financing 
structures will be important. We recommend that whichever direction Congress decides to take on 
MLPs and REITs in tax reform, it should create a level playing field and parity across all energy sectors. 
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APPENDIX	  
 
Table A1. Utility-Scale Installation Costs 
 Utility Scale PV (2014$/WDC) CSP (2014$/WAC) 
 Sunshot Goal Best Guess High Cost Reference Sunshot Goal Best Guess High Cost Reference 
2015 2.40 2.42 2.94 5.60 6.32 7.49 
2016 2.14 2.26 2.90 5.27 6.12 7.44 
2017 1.87 2.10 2.86 4.93 5.92 7.39 
2018 1.61 1.95 2.81 4.60 5.71 7.34 
2019 1.35 1.79 2.77 4.26 5.51 7.29 
2020 1.09 1.64 2.73 3.92 5.31 7.24 
2021 1.09 1.61 2.70 3.92 5.24 7.10 
2022 1.09 1.58 2.68 3.92 5.17 6.97 
2023 1.09 1.55 2.66 3.92 5.10 6.83 
2024 1.09 1.53 2.64 3.92 5.03 6.70 
2025 1.09 1.50 2.62 3.92 4.96 6.56 

 
Table A2. Distributed Installation Costs 
 Residential PV (2014$/WDC) Non Residential PV (2014$/WDC) 
 Sunshot Goal Best Guess High Cost Reference Sunshot Goal Best Guess High Cost Reference 
2015 3.60 3.60 4.77 3.32 3.32 4.23 
2016 3.20 3.37 4.64 2.93 3.07 4.12 
2017 2.81 3.14 4.51 2.54 2.81 4.01 
2018 2.42 2.91 4.38 2.15 2.56 3.90 
2019 2.03 2.68 4.25 1.75 2.30 3.79 
2020 1.64 2.45 4.12 1.36 2.05 3.68 
2021 1.64 2.41 4.06 1.36 2.01 3.62 
2022 1.64 2.37 3.99 1.36 1.98 3.57 
2023 1.64 2.33 3.93 1.36 1.95 3.51 
2024 1.64 2.29 3.87 1.36 1.91 3.46 
2025 1.64 2.25 3.80 1.36 1.88 3.40 
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Ac k no wl e d g e m e nt s :  T h e  a u t h o rs  t h a n k S te p h en  C o m el l o ,  D a v i d  F e l dm an ,  a n d  M a gg i e  K e sa r is  f o r  th e i r  h e l p f u l  f eed b a ck  
o n  an  ea r l i e r  dr a f t  a n d  Je n  Br is t o l  f o r  h er  he lp  wi t h  t h e  g ra p h ic  de si g n .  T h e  a u th o r s  a re  a ls o  g ra t e f u l  f o r  t h e  as s is t an c e  
f r o m  K e l l y  E u re k,  Be n  S ig r in ,  T r i eu  M a i ,  an d  o t h er  r es ea r ch er s  at  N R E L ,  wh o  s h a re d t h e i r  d a t a a n d  i n si g h ts  o n  s o la r  
p ro j ec t io n s  a n d  e n er gy  m o d el s .   
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